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The properties of high-spin states in At have been studied with the "’Au (2C, 4n)
205At reaction. In-beam measurements [with Ge(Li) detectors] of y-y coincidences, y-ray
angular distributions, and pulsed-beam y timing were made to determine the decay
scheme, level energies, y-ray multipolarities, spin-parity assignments, and isomeric life-
times. High-spin states up to 29/2 # were identified as either proton excitations of the
(N =126) 2"'At nucleus coupled to the 2>’Pb (Z =82) ground state or neutron excitations
of 22Pb coupled to the (‘IThg/z)s%_ ground state of 2!'At. The lifetime measurements of

the %+ 2062-keV state and the unobserved isomeric state (?+) above 2339 keV yielded

mean lifetimes of 92(3) nsec and ~3 usec, respectively.

NUCLEAR REACTIONS "7Au (12C, 4ny)*°At, E;, =77 MeV,
measured y-y coincidence, y-W (8), pulsed-beam y timing; deduced lev-
els, y multipolarities, J”, T, ,,, B(E1).

I. INTRODUCTION

Recently, the odd-proton 20":20%213At isotopes
(Z =85) have been studied at Stony Brook!~* using
the 204206Pb (°Li,3n) 22 At and 2®*Pb(’Li,2n)
23At reactions along with in-beam y-ray spectros-
copy. The purpose of these measurements was to
investigate the interaction between the valence
three-proton structure (7°) defined by the closed
neutron shell (N =126) nucleus 2!!At (Ref. 4) and
the neutron excitations (v)" of the corresponding
even Pb nuclei’ (Z =82). The experiments were
successful in showing that the observed low-lying

. . 9 29 . .
high-spin states (5 <J < ) could be interpreted in
weak coupling as *!'At configurations involving
the hy/y, f7,2, and i 3, orbitals coupled to the ap-
propriate Pb core configurations.

In the present paper these studies have been ex-
tended to %At to determine the extent to which
the six neutron hole structure of 2°’Pb influences
the 2At level scheme and to search for the onset
of collectivity for specific proton configurations.
At the beginning of the present investigation, the
only available information on 2*>At came from a
study® of low-spin states via the 8 decay of 2>’Rn
and a study’ of high-spin states using the
197 A u(2C,4n) reaction. The results of this (12C,4n)
study provided an additional motivation for the

present work because the deduced At level
scheme, obtained only from y-ray excitation and
pulsed-beam ¥ timing measurements, was different
than that expected from an extrapolation of the
previous 2729211 At systematics. The present
study used the '7Au (12C,4n)?® At reaction, but
with a more complete set of experiments involving
Y-y coincidence, and y-ray angular distribution
measurements as well as pulsed-beam ¥ timing.
The deduced level scheme from the present study
is consistent with the systematics of the
207,209.211 At level schemes and is completely dif-
ferent from that of Ref. 7. Preliminary results® of
the present measurements have been reported pre-
viously.

In Sec. II, the techniques for the in-beam y-ray
measurements are briefly described; a more detailed
discussion is available in the 2°°Pb(°Li,3n)*°At
study.? The experimental results for 2°At are
presented in Sec. III and in Sec. IV the level
scheme is discussed in terms of the shell model
and compared with 207:20%211A ¢,

II. EXPERIMENTAL PROCEDURE

High-spin states in 2At were populated via the
197 Au(!2C,4n) fusion evaporation reaction by bom-
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barding a 5 mg/cm? '*’Au target with 77-MeV 2C
ions from the Brookhaven National Laboratory
tandem Van de Graaff accelerator. The 77-MeV
beam energy was selected on the basis of the earlier
197 Au+'2C y-ray excitation measurements,” which
showed this to be the optimum choice for produc-
tion of the (12C,4#n) channel relative to the 3n and
5n channels. The deexcitation y rays were detected
with large volume Ge(Li) detectors, which typically
had energy resolutions of about 2 keV full-width at
half-maximum (FWHM) at 1.33 MeV. Three
types of experiments were conducted: (1) y-y coin-
cidence, (2) y-ray angular distributions, and (3)
pulsed-beam ¥ timing.

The y-y coincidence measurement, which used
two Ge(Li) detectors, was carried out in order to
identify the detailed y-ray cascades. The y-ray an-
gular distributions were measured in singles at five
angles between 90° and 160° to provide information
regarding the y-ray multipolarities and spins of the
levels, as well as the relative y-ray intensities /,,.
The angular distribution coefficients 4, and 4,
were determined by least squares fit to the photo-

10000

peak areas of the function
W(0)=1,(14+A4,P,+A4P4), where the Py (cosb)
are Legendre polynomials. The photopeak areas
were normalized for dead time and geometric ef-
fects. Angle normalization was achieved with a
fixed angle monitor Ge(Li) detector. The pulsed-
beam y timing measurements were made to deter-
mine decay modes of isomeric states and their life-
times. The beam was pulsed at repetition rates of
1 and 4 usec with a pulse time width of about 40
nsec FWHM. Both delayed y-ray spectra for the
entire energy range and time differential spectra
for specific y rays were obtained.

III. EXPERIMENTAL RESULTS

Twenty-one y rays were identified in 2At on
the basis of the present '*’Au('2C,4n) y-y coin-
cidence measurements. These y rays are labeled in
units of keV on the y-ray singles spectrum at the
top of Fig. 1. All the other strong ¥ rays on this
spectrum which are not labeled were identified
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FIG. 1. y-ray singles and delayed spectra observed with a Ge(Li) detector at 90° to the beam for the bombardment of
5 mg/cm? of '"’Au with 77-MeV '’C ions. The spectrum on the top is the y-ray singles. The spectrum on the bottom
is the delayed spectrum obtained for a time gate of 50-280 nsec minus a time gate of 340-570 nsec. In this delayed
spectrum all the long-lived radioactive ¥ rays and the 3 usec component of the 403-keV 7 ray are subtracted.
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TABLE L. Results of y-y coincidence measurements for 2°At.

Gate energy

Coincident y rays®

(keV)

126.4 332.8, 372.3, 467.9, (566.2), (637.9), 664.1

176.1 331.4, 637.9, 664.1

191.6 467.9, 493.8, 637.9, 664.1, 729.8

253.4 (563.4)

315.0 331.4, 471.4, 637.9

331.4, 332.8° 126.4, 176.1, (253.4), 315.0, 372.3, 403.4, (436.2), 467.9, 471.4, 493.8, (563.4),

566.2, 637.9, 664.1, 722.1, 786.2

372.3 126.4, (253.4), 332.8, 403.4, 467.9, 566.2, 6379, 664.1, 722.1, 822.1

403.4 332.8, 372.3, (403.0), 566.2, 664.1

436.2 (176.1), 331.4, 471.4, 637.9

467.9 191.6, 332.8, 372.3, 664.1, 729.8

471.4 (176.1), 315.0, 331.4, (436.2), 637.9

493.8 191.6, 332.8, 372.3, 637.9, 729.8

563.4 332.8, (664.1)

566.2 126.4, 332.8, 372.3, 403.4, 563.4, 664.1

637.9 (191.6), (315.0), 331.4, 332.8, 372.3, (436.2), 471.4, 493.8

664.1 (126.4), 191.6, (253.4), 332.8, 372.3, 403.4, 467.9, (563.4), 556.2, (722.1), 729.8

722.1 (332.8), 372.3, (637.9), (664.1)

729.8 191.6, 467.9, 493.8, 637.9, 664.1

822.1 (332.8), 372.3, (664.1)

aParentheses around y-ray energy indicate a weak coincidence.

These two ¥ rays could not be resolved; however, setting gates in the upper and lower halves of this doublet resulted in
significantly different coincident spectra, indicating two different y rays. For the other y-ray gates, there was a cen-
troid shift of about three channels between the 331.4- and 332.8-keV v rays. Thus these two ¥ rays were separable in

most of the coincidence spectra.

with the (*2C,3n) and (!2C,5n) channels or with ra-
dioactive decay. A delayed y-ray spectrum is at
the bottom of Fig. 1.

The results of the y-y coincidence measurements
are summarized in Table I.- With these results a
level scheme for 2°At was constructed and is
shown in Fig. 2. The y-ray cascades from the
2062-keV level to the ground state represent the
main part of this level scheme. The positions of
the 176- and 436-keV ¥ rays in the level scheme
are somewhat uncertain. These two weak y rays of
roughly equal intensity are placed, from the y-y
coincidence results, as a cascade from the 2053-
keV level to the 1441-keV level defining a level at
1877 keV. A possible reverse ordering would put
the intermediate level at 1617 keV. As will be dis-
cussed in Sec. IV, the systematic properties of the
At isotopes favor the 1877-keV position.

Two unobserved transitions have also been
placed in the 2°At level scheme. These are the
98-keV transition between the 1230- and 1132-keV
levels and the 9-keV transition between the 2062-
and 2053-keV levels. The existence of the 98-keV
transition is confirmed by coincidences between the
lower-lying 468- and 494-keV v rays and the
higher-lying 333- and 372-keV y rays. The 9-keV
transition is suggested by the pulsed beam y timing
data. This will be discussed below.

All the y rays listed in Table I, except for the
254-, 563-, and 822-keV ¥ rays were assigned to
the 25At level scheme. The positions of these
three y rays could not be established on the basis
of the present experimental coincidence results.
None of the y rays observed® in the B decay of
205Rn have been observed in the present experi-
ment.
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FIG. 2. The energy level scheme for *°At determined
from the present '*’Au('?C,4n) y-ray measurements.
The energies of the levels and the y rays are in units of
keV. The widths of the arrows are proportional to the
observed intensities of the y rays at a bombarding ener-
gy of 77 MeV.

Evidence for two isomeric states in At was
found in the pulsed beam ¥ timing data. From the
delayed y-ray spectra (see Fig. 1), all the y rays in
the 2%°At level scheme, except for the 722-keV
transition, were observed to have delayed com-
ponents. These delayed components could only be
explained by the existence of two isomeric states.

With the time differential measurements, the
mean lifetime of these two isomeric states were
determined to be 7=92(3) nsec for the 2062-keV
level and 7~3 usec for an unobserved level above
2339 keV. All the y rays produced in the decay of
the 2062-keV level were observed to have the
shorter lifetime component. The time spectra for
three of these y rays, the 126-, 192-, and 664-keV
transitions, are shown in Fig. 3. Since the time
spectrum of the 126-keV y ray had no prompt

T T T T
!
L I
1
le
X
: [E—
I
./I
4 7
10 I
- WV ]
.J L ]
i i i
R A |
< 664 keV \V‘
5 - x2 ! 4
~ \
%) \
- + \ e
2 \
S \
S \
S 3 \
10 192 keV ]
- 1
- 126 keV b
loz 1 L 1 1
300 200 100 (o}
TIME (nsec)

FIG. 3. Results of the time differential lifetime
measurement of the 2062-keV %5— * state in 25At, ob-
tained from the pulsed beam y timing spectra of the
126-, 192-, and 664-keV ¥ rays. The solid lines are least
squares fits to the data, which yielded a mean lifetime
of 7=92(3) nsec. The influence of the 3 usec lifetime
can be seen in the time spectrum of 664-keV y ray.

component, this indicated that the 2062-keV level
was the isomer. The mean lifetime of this isomer
was determined from least squares fits to the time
spectra for all the y rays observed in the decay of
the 2062-keV level. The weighted average of these
fits yielded 7=92(2) nsec; an uncertainty of +3
nsec includes possible systematic uncertainties due
to the delayed background. The present result is
considerably different than the value of 7=159(36)
nsec, which Hagemann et al.” obtained with their
81-MeV '2C beam. The existence of an unobserved
9-keV transition from the 2062-keV isomer to the
2053-keV level is suggested by the time differential
data, since all the y rays produced in the decay of
the 2053-keV level have delayed components with
7=92 nsec.

The long lifetime component was observed in the
time spectra of those y rays produced in the decay
of the 2339-keV level. Least squares fits to these
data yielded a mean lifetime of 7~3 usec. A more
accurate lifetime result was not possible because of
the difficulty in defining, with a 4 usec pulsed
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period, the background component for the fitting
procedure. The time spectrum for the 403-keV y
ray, which deexcites the 2339-keV level, contained
a prompt component after Compton background
subtraction. Since no delayed y rays were observed
above this level, this indicated that the long-lived
isomer decays via an unobserved, converted transi-
tion. For this reason, the 7=3 usec isomer is
denoted by a dotted line above the 2339-keV level
in Fig. 2.

Based on the present '’Au('2C,4n)*® At time
differential measurements, it is not possible to
determine whether or not the 192-keV y ray lacks
a prompt peak in its time spectrum. This occurs
because the 192-keV y ray is not resolved from the
prompt 191.4-keV transition in '*’Au, which is
also produced following the bombardment of 7Au
with 12C ions. However, according to Hagemann
et al.,” the 192-keV y ray produced in the
1931r(190,4n) 2At reaction has no prompt com-
ponent. Since the 192-keV y ray directly decays
from the 2053-keV level, this suggests that the lev-
el is isomeric itself, and has a lifetime that is not
distinguishable (within the present experimental ac-
curacy) from the 7=92 nsec lifetime of the 2062-
keV isomer. If this is true then the deduced 9-keV
y ray need not exist. This possibly is contradicted
by the 176-keV transition, which also directly de-
cays from the 2053-keV level and has a prompt
component in its time spectrum. On the other
hand, since the placement of this y ray is tentative,
the possibility of an isomeric 2053-keV level can-
not be ruled out.

The information extracted from the angular dis-
tribution measurements is summarized in Table II,
where the relative y-ray intensities and angular dis-
tribution 4, and A4 coefficients are listed. The de-
duced J7 assignments for 2°At are also included in
Table II and in the level scheme in Fig. 2. These
assignments were obtained from the angular distri-
bution with the assumptions that the states are
aligned in low-m substates and that the dominant
y-ray decay proceeds by stretched transitions
J—J —L, where L refers to the y-ray multipolari-
ty. These features are expected in (HIxn) fusion
evaporation reactions.” Lifetime information and
conversion coefficients extracted from the delayed
y-ray intensities also aided in these assignments.
The spectroscopic information for the dominant
decay cascade shown on the left hand side of Fig.
2 will be discussed first. The population of the
levels in this cascade decreases as the energy of the
initial state increases. This is characteristic of the

population of yrast levels and the subsequent
stretched J—J — L transitions. The less intense
cascade, which is indicative of nonyrast levels, is
shown on the right side of the figure.

The large positive 4, coefficients and lifetime
limits identify the 333-, 494-, 566-, and 664-keV y
rays as stretched J—J —2 E?2 transitions, while
the large negative 4, coefficients strongly suggest
that the 468-, and 638-keV y rays are J —J —1
M 1/E?2 transitions with negative mixing ratios.
Based on an assumed J” —% for the ground state
of 2At, these multipolarities imply the following
J7 assignments: 638-keV - , 664-keV =
1132-keV =, 1230-keV =, and 1563keV =
For the 372— and 403-keV 7 rays, the lifetime lim-
its and 4, coefficients imply J—J —1 stretched
dipole transitions. Based on the —21_ assignment
for the 1563 keV level, these multlpolarltles imply

2 and £ for the 1935- and 2339-keV levels,
respectlvely From the lifetime information and
the systematics of the odd-mass At isotopes (see
Fig. 4), the parity of the 1935- and 2339-keV levels
is tentatively given as negative. The tentative na-
ture of these assignments is denoted by
parentheses. This will be discussed in Sec. IV.

The 126-keV ¥ ray is identified as an E 1 transi-
tion. The dipole character of this y ray is implied
by the negative 4, coefficient, while the E 1 mul-
tipolarity is strongly suggested by internal conver-
sion estimates based on the delayed y-ray intensi-
ties for the 126- and 372-keV ¥ rays. From these
intensities it is observed that the 126-keV y ray un-
dergoes little internal conversion, eliminating the
possibility of M 1. Based on a 1935-keV
2 Jevel, this multipolarity implies J7= 2"
for the 2062-keV isomer. For the prompt 722-keV
y ray, the large negative 4, coefficient is sugges-
tive of a mixed M 1/E2 multipolarity, which im-
plies J7= —21( for the 2784-keV level.

The 3 ;,Lsec mean lifetime measured for the
isso(n_ler, that is located just above the 2339-keV
5 level is consistent with a J7 assignment

of (— ) for this isomer. A converted M2
(2*9+ _223 ) is the multipolarity which, for ener-

gies ranging up to ~ 100 keV, provides the ap-
propriate (=3 usec) transition strength. The total
transition strength, being the sum of the y ray and
e ~-conversion strengths, is almost independent of
energy over 20-100 keV, which corresponds to en-

ergies of ~(2360—2440) keV for the (-259—+) isomer.

A transition energy > 100 keV would have a finite
detection efficiency via a y-ray transition. A dis-
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TABLE II. Results of the angular distribution measurements for 2°At.

, (keV) I} 4,° Ji—Jg°
126.4+0.3 16 ~0.05+0.05 B, B
176.10.2 11 0.1240.06 B
191.6+0.4 16 (252
253.4+0.3 10 0.46+0.07°
315.0+0.3 10 —0.24+0.06 (L5 —(£7)
331.4+0.3 ~32 (2517
332.840.4 77 0.29+0.05 27“_,‘77‘
372.340.2 52 —0.18+0.04 2 as
403.4+0.2 20 —0.13+0.03 2E, B
436.2+0.2 ~12 EASENE S
467.9+0.2 37 —0.35+0.04 .
471.4+0.4 16 —0.3240.04 EANNE A
493.8+0.3 16 0.31+0.06 e
563.4+0.4 21 0.26+0.08
566.2+0.2 66 0.28+0.04 .
637.9+0.2 54 —0.36+0.04 -, 2-
664.1+0.2 100 0.25+0.04 B2
722.1+0.4 10 —0.68+0.06 T2
729.8+0.3 19 0.25+0.05 (>3
786.2+0.4 6 0.25+0.06 (IH-E21
822.1+0.4 4 —0.37+0.06

2y-ray intensities are normalized to the 664.1-keV y-ray yield; intensities are accurate to 10% unless otherwise noted.
®Since about 10% of the residual At nuclei recoil out of the target, the angular distribution coefficients include a
recoil correction for those y rays with a 7=92 nsec delayed component; consequently, the errors quoted are larger. The
A, coefficient is consistent with 0.0 having an uncertainty of about 0.1.

“Tentative J” assignments are denoted by parentheses.

9Contaminated by the 191.5-keV transition in '*’Au, intensity (accurate to 25%) is estlmated from the y-¥ coincidence
measurement.

‘A4=0.1540.11.

f4,=0.12+0.10.

8The lower ¥ ray in this doublet could not be analyzed cleanly, although the 4, was significantly less than that of the
upper ¥ ray.

"Because of background difficulties, the angular distribution for the 436.2 keV ¥ ray could not be properly extracted.
An estimate I, ~ 12 was obtained from the delayed y-ray spectrum.
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FIG. 4. Yrast levels in 20520720921t The levels for
207209211 At were taken from Refs. 1, 2 and 3, respective-

ly.

cussion of competing transitions together with the
systematics will be given in Sec. IV.

The remaining y rays in the At level scheme,
shown on the right side of Fig. 2, were observed
with generally less intensity and appear to involve
nonyrast levels. These y rays, however, are
produced in the decay of the 22—5 level. Since the
prompt time spectra restrict these y rays to dipole
or quadrupole multipolarities, it appears that these
v rays also decay via stretched transitions to ac-
count for the amount of angular momentum car-
ried away.

Considering the cascade from the 2053-keV level
to the 1132-keV level via the 192- and 730-keV y
rays, the large positive 4,=0.25 of the 730-keV y
ray suggests an E?2 multipolarity. This implies a
(5 ) spin and parity for the 1862-keV level. Al-
though no angular distribution information is
available for the 191 keV (it is contaminated by the
191.4-keV y ray from '*’Au), the delayed y ray in-
tensities strongly sug%?s_‘t_ an E 1 multipolarity,
which implies J7=(5-") for the 2053-keV level.

For the weak y cascade from the 2053-keV level
to the 638-keV level involving (from the top) the
176-, 436-, 471-, and 331-keV 7 rays, only the an-
gular distribution from the 471-keV vy ray could be

extracted cleanly; it implies a mixed M 1/E 2 mul-
tipolarity. The 331-keV y ray is part of a doublet;
its angular distribution yielded an 4, coefficient
substantially less than that of the stronger 333-keV
y ray which is characteristic of a stretched E2
transition. Because of the lack of a significant life-
time, the properties of the 331-keV transition are
then not inconsistent with it being a dipole imply-
ing J = % for the 969-keV level. As will be dis-
cussed later, the feeding and decay transitions for
this state along with the At systematics suggest a
(;+) assignment for the 969-keV level making the
331-keV y ray an E 1 transition. The 471-keV

M 1/E?2 y transition them implies a J”=(%+) for
the 1441-keV level. The angular distribution for
the 436-keV v ray could not be obtained, although
the 176-keV transition decaying from the (321—+)
level at 2053 keV is consistent with an E 2, sug-
gesting a (177+) assignment for the level at 1877
keV.

Finally, the large negative 4, for the 315-keV y
ray suggests a mixed M 1/E 2 multipolarity and a
J7=( ‘_27+) for the 1756-keV level. This assign-
ment is corroborated by the weak 786-keV y ray
that is in coincidence with the 332-keV doublet
and is in the delayed spectrum; it presumably
represents the E2 crossover transition to the 969-
keV (12—3+) level which would confirm the 315- and
471-keV transitions as containing AJ =1, M 1
components.

The ?(H and (%Jr) spin and parity assign-
ments for the 2062- and 2053-keV levels, respec-
tively, imply that the unobserved 9-keV branch
from the 7=92 nsec 2053-keV level is an E 2 tran-
sition. The branching ratio I[126 keV]/ I[9 keV]
~0.7 was estimated from the delayed y-ray inten-
sities. Combining this with an E2 internal conver-
sion coefficient estimate'® of 2.6 x 10° yields
B(E2)~340 e*fm* for the 9-keV branch. This
value is enhanced by about a factor of 5 over the
Weisskopf estimate.

IV. DISCUSSION

The results of the present *’Au('?C,4n)*%At y-
ray measurements are summarized in Tables I and
IT and in the level scheme of Fig. 2. In the shell
model description with 2®Pb as a double closed
shell nucleus, the 2°°At levels involve three-proton
particle and six-neutron hole configurations of the
type |(m)’J,, (v)=%,.J). In Fig. 4, the *°At
yrast levels are compared with those of 2’At and
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209At, which involve (v)~* and (v)~2 neutron con-
figurations, respectively. The yrast levels of the
closed neutron shell (N =126) 2!'At, which involve
only | (m)J) configurations relative to 208py are
also shown in Fig. 4. These *!'At levels are well
understood* in terms of (7hq/,)3, (The )X (7f7,2),
and (mhg,)X(miy3,) configurations. The systemat-
ic comparisons of Fig. 4 show the expected in-
volvement of the various configurations in the
yrast-level structure of 2°°At.

The four lowest t lying yrast levels in *At are
the 5 , = , 5 ,and 5 levels at 638-, 664-,
1132-, and 1230-keV, respectlvely. The large ener-
gy reduction of these states relative to the yrast
states of corresponding spin parity in 2!!At sug-
gests that these 29At levels are predominantly the
96l-keV 2% and 1383-keV 4T neutron excitations

n 222Pb coupled to the >!"At 5 ground-state con-
ﬁgurat1on This energy reductlon relative to the

2A¢ yrast levels is also seen for the — =
=7 , and 27 _sequence of levels! in 207At and for
the 5 and = levels? in 2®At. Consequently,

these states are also identified as being primarily
(v)~"J, J=27%, 4% neutron excitations. In 2®At,
however, no 1— yrast level has been observed, and
the yrast level is identified® as the (rhq,,)*
= proton excitation coupled to the 2°Pb core.
This - proton excitation is yrast in *°At, be-
cause the 47 state in 2%Pb lies 300 —400 keV
higher than those in 2Pb and *Pb. The &,
177_ proton excitations lie higher in energy than
the neutron excitations in 20>207At,

The compamson in Fig. 4 stron%ly suggests that
the 1563-keV — and 1935-keV =~ levels in

2ffAt as in 2% 2°9At are E)redommantly (mho )
5 and (7hy 1) 7f, »2)5 protons excitations
coupled to the **?Pb ground state (v)~°0*. The
yrast systematics in Fig. 4 show that the - 27 and

23 —
=~ levels are increasing in energy relatlve to the

2
ground state as the number of neutron holes in-
creases. This feature is also observed in the even-
Po (Ref. 11) and Rn (Ref. 12) isotopes for the 8+
and 6% levels, which are known to contain
m(ho,)2J configurations.
Companson of the properties of the = isomer
n 2%5At with those measured earlier! for the >
isomer in 2°’At shows that the two states are very
similar. Both states have nearly equal excitation
energies of 2062 keV in 2°At vs 2117 keV in
207 A t; both states are isomeric with similar mean
lifetimes of 92 nsec in 2%5At vs 156 nsec in 27At;
and both states decay to ?_ levels via severely

hindered E 1 transitions with B(E 1) values of
2.68x107% e*fm? in *®At vs 3.57x 1077 e*fm? in
27At. [The 2At B(E 1) value was obtained with
an internal conversion coefficient!? of 0.261 for the
126-keV y ray.] The B(E 1) values are hindered
by about factors of 107 relative to the Welsskopf
estimates. These similarities imply that the -
isomer in 205At has the same structure as the 207At
= isomer, which has been identified by a g-
factor measurement! to be a (vfs,,) " (vig3,,) 7! 9~
neutron quasiparticle excitation coupled to the
211At ground state. The similar energies of the
325— isomers in 2°205At can easily be understood,
since the 9 states in 2**Pb and 2*?Pb are at 2186
and 2170 keV respectively. The interpretation of
the 2At = isomer and the 27 level as
predommantly | ( 7Th 9 /2) ) ( vf s/0)
X (i)t 97, F) and | (mhe Xmf1 )5,
(v)~¢ o+, 2—3 ) confxguratlons is also consistent
with the severely hindered - —>? E1 transi-
tion, because a single part1cle transition between
these two pure configurations is forbidden.

The isomeric nature of the 2—5+ yrast state exhi-
bits the interesting feature that it is the lowest
member of the |(mhg,y)*s , Wijz,) ™!

X(Vfs2)719750) multlplet, which has a maxi-

. 27 + .
mum spin J,,, == . The observation agrees
with the semiempirical J,,, — 1 rule,'* which
predicts that the lowest lying member of a
| (), (v)72T,;J ) three quasiparticle multiplet
will have a spin J =J,,, — 1. The observation of
this feature in the At isotopes suggest the J,,, —
rule, which arises from the neutron-hole, proton-
particle effective interaction, is also valid for
| (17)3Jp, (v)~%,;J ) multiplets involving predom-
inantly seniority-one ()’ configurations. A shell
model calculation’ of the energies for this multi-
plet was able to reproduce the J,, — 1 feature and
show that it occurs because the j dependence of the
(Jpsdw ™Y 7 | V12 [ Jp,dn 157 ) particle-hole matrix
elements is relatively weak except for maximum
and minimum spin j. For the extreme spins, the
matrix elements are enhanced considerably, becom-
ing more repulsive. Thus the J,,,, == member
of the multiplet is pushed up ~500 keV in the cal-
culation above the —5+ state. The = ' level at
2784 keV in At i 1s possibly this Jmax member.
The J ., — 1 rule also appears to be valid for those
yrast states in 20%207.20°At which are identified as
(v)™"J, J=27, 4% Pb core excitations coupled to
the 2! At ground state.

The 7=3 usec isomer at an energy of
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~(2360—2440) keV in 205At is expected to be the
(mho ) (i3 /2) e proton excitation. The energy
is consistent with those for the corresponding -
states in 2%2!'At as shown in Fig. 4. The >
state was not observed in 20’At presumably because
of limitations of the 2%*Pb (SLi,3ny)*’At reaction
at 34 MeV.! In 2®At, the ——+ state decays via a
577-keV E 3 transition to the (mhg,)? (7rf7/2)-221—
state with a mean lifetime of 7=980 nsec.? The
corresponding E 3 decay transition in 2°At would
yield a 7> 6 usec because of the reduced transition
energy, and thus does not compete with an M2
transition to the = state at 2339 keV. An E2
transition from the (— ) proton excitation to the

25 (+)
= neutron excitation, which was not observed,

2
is obviously strongly hindered. This is consistent
with rather pure configurations, for which the y-
ray transition would be forbidden.

Dominant configurations are also suggested by
the systematics for several of the nonyrast states of
the 25At level scheme. The (— *) level at 2053
keV which is only 9 keV lower in energy than the

+ .

7 1somer, most probably involves the

| (frh9/2)3— v)=¢7-; = > *y configuration. This
is suggested because the 2208-keV 7~ level in 2°2Pb
is very similar in energy to the —l+ level. More-
over, the only other poss1b1e 5 state involves the
| (1Th9/2) (Vll3/2) (‘Vf5/2 9 J) multlplet
and is expected to lie above the 2062-keV 2—+
state (see Ref. 1). The unobserved 9 keV E 2 tran-
sition between the 5 (=) levels, which is
enhanced by about 5 W.u., is not inconsistent with
the suggested conflguratlon

For the (5 ) level at 1862 keV in 2°At, the

| (mho ) (7rf-,/2 ~ (»)~%0%;27) configuration
is most likely the domlnant component The struc-
ture dlfferences between this —9 level and the
2053-keV 2 level implies that the 191-keV E'1
transition should be hindered on the same order as
the E 1 transition between the — 5 and ? levels.
fBENL -2 1=BENZT-Z, then
the mean lifetime of the 2053-keV (— ) level
would be about 26 nsec. A lifetime for this level
on the order of <92 nsec is not 1ncon51stent with
the possible isomerism of the (— *) 2053-keV level
as discussed in Sec. III.

Finally, the states that cascade decay to the
969-keV ( 2% level do not have any significant

decay branch to the negative parity levels involving

the (mhy,,)* configuration. This feature has been
recently observed'* for 201203 At for which the
corresponding - 2 assignment is more definite,
and also poss1bly in 27At for the 1116 keV level
assigned' (). These (5 ') levels, which con-
sistently drop in energy as A decreases, presumably
can be identified with the | (7hq,,)? 07,

T35 l; ) proton configuration coupled to the
0+ round state of the Pb cores. The ( 27 and

=) levels in At at 1441 and 1756 keV respec-

tlvely, which cascade decay to the 969-keV (—li+)

level, are most probably this i3/, configuration
coupled to the (v)~227F core with J,,, — 1 the
lowest. Transitions from these positive parity con-
figurations to the negative parity levels would be
strongly hindered

An addmonal 7 state is expected just below
the = level from the J . — 1 member of the
[(ﬂ'hg/z) 5 ; (v)7257;J ) configuration in 2%At.
The 5~ level in 2%2Pb is 129-keV lower than the 9~
level which suggests that the 1877-keV (5- %) level
in 2°At is a good candidate for this conflguratlon
The 1877-keV level is fed by the 2053-keV (— ")
level via the 176-keV y ray, which would then be
equivalent to the 7~— 5~ 2%2Pb core transition.

The most striking feature in the comparison of

the 205:207.209.211At yragt levels in Fig. 4 is that the
yrast level schemes for At and 2°’At are nearly
identical, both being somewhat different from
29At. In contrast, the At yrast level scheme
bears a closer resemblence to 2!'At than do those
of 2>27At. This can be understood qualitatively,
since both the 2%2Pb and *Pb yrast level schemes
are nearly identical, while that for 2°Pb is some-
what different, with the yrast 4™ and 9~ levels be-
ing considerably higher in energy than in 202204pp,
Thus, because the 47 and 9~ levels are lower in
202,204pp, the neutron-hole excitations are more in-
volved in the yrast structure of 2°>207At. The
strong influence of the Pb excitations is also evi-
dent in 21°At,® where the low-lying yrast levels are
observed to involve the (v)? excitations of 2!°Pb.
As can be seen in Figs. 2 and 4, no significant col-
lectivity in terms of band structure has developed
at these excitation energies in the At isotopes down
to N =120.
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